This article focuses on interpreting theories when they are functioning in an ongoing investigation. The sustained search for a quark-gluon plasma serves as a prime example. The analysis treats the Standard Model of Particle Physics as an Effective Field Theory. Related effective theories functioning in different energy ranges can have different functional ontologies, or models of the reality treated. A functional ontology supplies a categorial framework that grounds and limits the language used in describing experiments and reporting results. The scope and limitations of such a local functional realism are evaluated.
Introduction
Wittgenstein revolutionized analytic philosophy by insisting that language should be studied when it is functioning, rather than when it is idling. He introduced the concept of a language game as a basic functioning unit for analysis.
We will extend the Wittgensteinian approach by focusing on theories when they are functioning, rather than idling. The issue of realism enters in a functional requires that the abstract mathematical formulation has a consistency independent of the interpretation imposed on it. The ontology is essentially an answer to the question: "What must the world be like if this theory is true of it?" [1] [2] contrasts such foundational interpretations with "folklore" interpretations, where the folklore presumably stems from the physics community. In Wittgensteinian terms, a foundationalist interpretation is analyzing a theory when it is idling.
Quark-Gluon Plasma
We begin by analyzing an experimental program that has the double distinction of being the most extensive sustained experimental analysis performed by physicists and being the experimental program least analyzed by philosophers of physics. The experimental search for a quark-gluon plasma (QGP) has consumed more man-hours that any other experimental search in the history of physics, with the possible exception of the search for the Higgs particle. It is an attempt to clarify a phenomenon that is assumed to have played a decisive role in the formation of the universe. It also supplies a crucial test for the standard model of particle physics. Yet, to the best of my knowledge, it has not received any serious analysis from philosophers of science. I suspect that the major reason for this inadvertence is that the pertinent information is scattered through hundreds of technical articles stretching over more than two decades. It seems appropriate, accordingly, to present a non-technical summary before relating this to the theory-phenomenon interface.
Speculative accounts of the earliest phases of cosmic evolution suggest that after the inflation phase and the breakdown of both grand unification and electroweak unification there was a brief period where matter existed in the form of a quark gluon plasma (QGP). At about 10 −8 seconds after the big bang, this plasma froze, or had a phase change, into hadronic matter: baryons and mesons.
The phase change was a function of decreasing temperature and pressure.
The conditions that presumable led to the QGP can be reconstructed on a small scale with high-energy particle accelerators. A basic experiment is to accelerate two beams of heavy nuclei, usually gold or lead, in opposite directions and make them collide within a detector that can record decay products. A superficial account conveys the general idea. Quarks are confined within a nucleon.
Because of the highly relativistic speeds colliding nuclei would be pancake shaped. Then there is sufficient overlap so confinement becomes meaningless.
This should lead to a QGP. As this expands and cools, there is a phase transition from QGP to a shower of particles, which the detectors analyze. seconds. The following Figure 1 depicts the experimental situation: Figure 1 The working assumption is that there is a four stage process. The earliest stage is dominated by high gluon density and the color-charge forces between them. Of the many questions these detectors treat we will only consider two that serve to illustrate the inferential systems involved. Was a QGP produced? Assuming a positive answer the next question concerns the nature of the QGP. The RHIC dominated attempts to answer the first question, while the LHC dominated attempts to answer the second. On the first question we will focus on one thread. If the production and decay of a QGP followed the scenario sketched, then the process should lead to the production of protons, kaons, and pions. If the high-energy collision did not lead to a QGP then the collision should lead to the production of protons, kaons, and pions. To detect the QGP production one e.g., for the distribution of proton transverse momenta, one needs enough individual event measurements to get a distribution curve, which can be compared with a Gaussian distribution.
The human inferential component centers on processing the thousands of computer reconstructions. The position paper outlining the analyses needed has some three hundred co-authors [6] . The data is farmed out to physicists all over the globe. A typical report coordinating their analyses will have a few hundred authors. One Physical Review letter reporting charged particle multiplicity density inferred from the CERN ALICE detector has 967 co-authors [5] . In 2005 a committee coordinating the results of different analyses wrote another three hundred co-author report concluding that the evidence for QGP formation was strong, but not definitive [7] . Within the next few years, with further supporting evidence, a consensus emerged that collider experiments did indeed produce a QGP.
Before considering the theories involved in these analyses we will return to the second question: What is the nature of a QGP? The initial assumption was that it should behave like a gas. Because of the asymptotic freedom of the strong force the quarks and gluons should behave as almost independent particles at the very small distances that obtain in a QGP. In 2003, [8] revived the hydrodynamic model that Landau had suggested in 1952. It led to the conclusion that the QGP may be the most perfect fluid known [9] . Two types of evidence supported this conclusion. The first came from an analysis of the momenta of particles in an event indicating more momentum transverse to the particle trajectory than along it. This was interpreted as elliptical flow characterizing a fluid. The second type of evidence came from jet quenching. Two sorts of events led to the production of particles with energies much larger than the energies of particles in the equilibria state of QGP. The first is a head-on collision of two quarks. They recoil with much higher energies than the thermal quarks. These high energy Quarkonium is a quark-antiquark pair such as cc − (the J/ψ particle), or bb − ,
(the ϒ particle). Many other combinations are possible. Quarkonium has excited states similar to a hydrogen atom, 1s, 2s, 2p, 3s, 3p 3d. The energy they lose passing through a fluid depends on the state. Quarkonium also quickly breaks down into a shower of particles that strike the detectors. Selecting the particles that count as part of a jet and determining their energies presents formidable problems.
There are competing algorithms to handle this problem. Proton-proton high energy collisions, which do not produce a QGP, also produce these two types of
jets. An analysis of the differences between these two situations supplies a basis for inferring the quenching effects of the plasma. We should note that Bohr's closest interpretative allies shared this view. Heisenberg declared: "··· the Copenhagen interpretation regards things and processes which are describable in terms of classical concepts, i.e., the actual, as the foundation of any physical interpretation." ( [15] , p. 145) Pauli, Bohr's closest ally on interpretative issues, contrasted Reichenbach's attempt to formulate quantum mechanics as an axiomatic theory with his own interpretation: "Quantum mechanics is a much less radical procedure. It can be considered the minimum generalization of the classical theory which is necessary to reach a self-consistent description of micro-phenomena, in which the finiteness of the quantum of action is essential." ( [16] , p. 1404)
Bohm's 1952 paper on hidden variables effectively changed the status quaestionis [17] . He redeveloped the Schrödinger equation so that it supported a hidden variable interpretation. This induced an interpretative shift from the practice of quantum mechanics to the formalism. If the mathematical formulation of QM could support different interpretations, then particular interpretations required justification. Heisenberg ([15] , chap VIII) joined the fray, presenting Copenhagen as an interpretation of the theory of QM. In this context, the Copenhagen interpretation, and Bohr's epistemological reflections, were treated as interpretations of QM as a theory. Bohr never held or defended the Copenhagen interpretation of quantum mechanics. We will rely on Bohr's original position.
Bohr's insistence that any experiment in which the quantum of action is significant must be regarded as an epistemologically irreducible unit led to a restriction on the use of "phenomenon". An unambiguous account of a quantum phenomenon must include a description of all the relevant features of the experimental arrangement. "··· all departures from common language and ordinary logic are entirely avoided by reserving the word 'phenomenon' solely for reference to unambiguously communicable information in the account of which the word 'measurement' is used in its plain meaning of standardized comparison." [12] , p. 5)
We will replace Bohr's "phenomenon" by Wittgenstein's "language game".
Each experimental context must be treated as an irreducible language game.
Bohr insists on a reliance on "plain language" in describing an experiment and reporting the results. MacKinnon [13] clarified this plain language requirement through an historical and conceptual analysis of the development of the ex- 
Effective Field Theory and Functional Ontology
The survey of QGP experiments involved a consideration of theories when they are functioning as tools, rather than when they are idling. The goal is to establish the existence and discover the nature of entities and processes postulated on theoretical grounds. This is broadly ontological. The overarching theory making the predictions and interpreting the experimental results is the Standard Model of particle physics (SM). Following the practice of physicists we will treat the SM as an Effective Field Theory (EFT), rather than a mathematical formulation on which one imposes a physical interpretation. To bring out the significance of this categorization, I will present a brief non-technical account of EFTs and then consider the extension to theories that are not field theories. 3 The key idea of EFTs is to separate low energy, relatively long-range interactions from high energy, relatively short-range, interac-
tions. An EFT treats the low energy interactions and includes the high-energy interactions as perturbations. We assume that there is a high energy, M, characterizing, for example, the mass-energy of a basic particle and lower energies, characterizing the interactions of interest. Between these energies a cutoff, Λ, is introduced, where Λ < M. We divide the field frequencies into low-and high-frequency modes, and use natural units (h
where φ L contains the frequencies, ω < Λ. The φ L supply the basis for describing low-energy interactions. EFT is similar to regularization and renormalization in 2 [21] , Chap. 11 summarizes the SM. A general account of the development of the SM is given in [22] . The contrast between the SM and more rigorous formulations of quantum field theory is analyzed in [23] . Since this is a point interaction, it is not renormalizable. With retrospective hindsight one might regard Fermi's account as an Effective Theory applicable for energies around the energy of beta decay, approximately 10 Mev. We take as a tentative cutoff, 940 Mev, roughly the mass energy of a neutron or proton. In a field theory approach we assume that the transition is mediated by some sort of boson. This is something belonging to a higher energy level which we contemporaries of Fermi do not know. So we assume that it is characterized by high frequency terms, which have effectively been integrated out and yield the coupl- This can be compared with the account available after electroweak unification was established:
The W − meson, with a mass of 8.4 Gev, is in a higher-order energy range.
Effective Theories and Extended Language
The concept of effective field theories can be extended to Effective Theories (ET) that are not field theories. Thus Kane ([29] , chap. 3) interprets physics in terms of a tower of effective theories. Rohrlich [30] treats the replacement of superseded by superseding theories for different energy ranges and analyzes the differences between the two in terms of functional ontologies and related semantics. For present purposes we will focus on one aspect of ETS, their effect on shaping the extension of ordinary language when a theory is employed in experimental contexts. We will indicate how this works in two simpler cases before returning to the QGP experiments. The first example is the treatment of light. A Kuhnian scenario suggests a sequence of paradigm replacements: Newton's corpuscular theory, a wave theory, the semi-classical treatment of radiation used in non-relativistic quantum mechanics, and quantum electrodynamics. Since the "replaced" theories are still functioning, we will treat this as a succession of superseding effective theories and inquire how each may still be used.
The applicability of effective theories is set by the energy level treated. All A different philosophical approach would ask which aspects of the descriptive account are determined by the language game used rather than the reality treated. In the Davisson example the original reporting relied on a language game in which electrons were spoken of as small particles traveling in trajectories. A coherent account of the revised experiments using the polished nickel crystal required a switch to a language game in which electrons were spoken of as waves, with wavelengths 250,000 times the size of the "particle" electron, that can diffract and interfere. Here it is reasonable to conclude that the talk of loca-Open Journal of Microphysics lized particles is a feature of the language game imposed, not an intrinsic feature of the reality treated. A similar switch is not pragmatically feasible in the QGP experiments. A reliance on accelerators and detectors automatically enforces talk of sharply localized particles traveling in trajectories. Nevertheless, such a switch is possible in principle. We are using "language game" as a replacement for Bohr's "phenomenon". Both are treated holistically as epistemologically irreducible units. As such an account must include the apparatus used. The primordial QGP resulting from the big bang has no machinery to localize particles. It requires a different language game. This allows for the possibility of speaking of quarks in wave rather than particle terms. Quarks, regarded as particles, are assigned a size of 10 . These values might yield the localization required without a reliance on particle ontology. However, I have no idea how such an account might be developed.
The experimental approach to interpretation considered here does not yield a fundamental ontology of reality. However, it presupposes a functional ontology and can contribute to advances in ontology. To indicate one way in which this is possible we can adapt the EFT approach to beta decay considered earlier to B meson decay. Besides known decay processes there is a possibility of further decays. Such a decay for the heaviest B meson, Bc, can be symbolically represented in a Feynman diagram.
The black ball signifies possible decays that could include virtual particles much heavier than W and Z mesons. Such particles are predicted by both super-symmetry and higher order gauge theories like SU(6) and SU (10) . Replacing the black ball by virtual interactions involving new particles might not tell us what the world is like if, for example, super-symmetry is true of it. But it would advance our knowledge of the future of the world.
